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SPECIFICATION 

Antitheft device 

5 This invention relates to an antitheft or theft- 
proof device. 

An antitheft device for vehicles such as a 
motorcycle is conventionally used, which is of 
the so-called wire and lock type using a wire 

1 0 cable as a tying member. According to this 
proposed device, a vehicle, which is to be 
protected from theft, is tied to a solid struc- 
ture, such as an electric pole, by means of the 
wire cable, in such a manner that two lock 

1 5 elements secured on the opposite ends of the 
wire cable are locked together. 

However, vehicle thefts have recently in- 
creased in number due to diffusion of im- 
proved cutting tools, such as wire cutters, 

20 since the wire cable of the antitheft device can 
be easily cut by such improved cutting tools. 
To prevent this, an antitheft device has also 
been proposed and is actually used, which 
includes electric conductors or wires disposed 

25 through wire cable, in which electric current 
permanently flows. The device is adapted to 
detect cutting of electric conductors together 
with the wire cable, for giving warning. 
However, in this electric type device the 

30 electric, circuit formed in the wire cable can be 
shortcircuited to render same inoperative. As a 
consequence, there still occur a considerable 
number of vehicle thefts, wherein the wire 
cable is cut after the electric circuit therein 

35 has been rendered inoperative in the above 
manner. 

According to the invention, there is pro- 
vided an antitheh device comprising: an elon- 
gate flexible tying member; an optical fiber 
40 longitudinally extending through said flexible 
tying member; a light emission element ar- 
ranged opposite one end of said optical fiber, 
for convening an electric signal supplied ther- 
eto into a corresponding photo signal; a light 
45 sensitive receiving element arranged opposite 
another end of said optical fiber, for convert- 
ing a photo signal supplied thereto into a 
corresponding electric signal; a'fixture fixed to 
an object wich is to be protected from theh; 
50 means for mechanically connecting at least 
one end of said flexible tying member to said 
fixture; an electrical circuit arranged in said 
fixture for supplying an electric signal to said 
light emission element and also disposed to 
55 be supplied with an electric signal generated 
by said light receiving element; and means for 
electrically connecting said light emission ele- 
ment and said light receiving element to said 
electrical circuit; whereby said electrical circuit 
60 is operable in response to a change in the 
electric signal supplied thereto from said light 
receiving element, which corresponds to a 
change in the photosignal generated by said 
light emission element and transmitted 
65 through said optical fiber, to perform a predet- 



ermined warning function. 

Thus the invention provides an antitheh 
device having a novel construction using an 
optical fiber, which is adapted to detect, in a 

70 photoelectric manner without fail, cutting of 
its flexible tying member, such as a wire 
cable, through which the optical fiber extends, 
and which makes it very difficult to form a 
short circuit for light transmitted through the 

75 optical fiber in the tying member. 

Certain embodiments of the invention will 
now be described by way of example and with 
reference to the accompanying drawings, in 
which: 

80 Figure f is a schematic view of a first 
embodiment of a flexible tying member 
adapted for use in an antitheft device accord- 
ing to the present invention; 

Figure 2 is a longitudinal section view of a 

85 plug arranged at an end of the flexible tying 
member of Fig. 1; 

Figure 3 is a longitudinal section view of 
another plug arranged at the other end of the 
flexible tying member of Fig. 1; 

90 Figure 4 is an end view of the plug of Fig. 
3; 

Figure 5 is a front view of a main casing to 
which the flexible tying member of Fig. 1 is to 
be connected; 
95 Figure 6 is a sectional view of the main 
casing of Fig. 5; 

Figure 7 is a block diagram of an embodi- 
ment of an electrical circuit adapted for use in 
the device of the present invention; 
100 Figure 8 is a circuit diagram illustrating in 
detail the electrical circuit of Fig. 7; 

Figure 9 is a timing chart of signals P and 
Pa which are generated in the circuit of Fig. 

105 Figure 70 is a schematic view of a second 
embodiment of the flexible tying member for 
use in the device of the present invention; 

Figure 7 7 is a longitudinal sectional view of 
the plug of Fig. 10; 
110 Figure 72 is a longitudinal sectional view of 
a caulking member appearing in Fig. 10; 

Figure 73 is a front view of a modification 
of the main casing; 

Figure 74 is a view showing a manner of 
1 1 5 using the device of the present invention. 

which is provided with the flexible tying mem- 
ber according to the second embodiment; 

Figure 75 is a longitudinal sectional view of 
a plug arranged at an end of the flexible tying 
120 member according to a third embodiment; 

Figure 76 is a longitudinal sectional view of 
another plug arranged at the opposite end of 
the flexible tying member of the third embodi- 
ment; 

125 Figure 7 7 is a longitudinal sectional view of 
a founh embodiment of the flexible tying 
member; 

Figure 78 is a schematic view of a fihh 
embodiment of the flexible tying member; 
130 Figure 79 is a longitudinal sectional view 



showing a manner of connection between an 
end of the flexible tying menDber of Fig. 18 
and the main casing; 

Figure 20 is a front view of a main casing 
5 to which the flexible tying member of Fig. 18 
is to be connected; 

Figvre 21 is a side view of a motorcycle on 
which the device of the present invention is 
mounted: 

1 0 Figure 22 is a front view, on an enlarged 
scale, of a portion of the motorcycle of Fig. 
2 1 at which the device of the present inven- 
tion is mounted on the motor cycle: and 
Figure 23 is a top plan view, on an en- 
. 1 5 larged scale, of the same portion of the motor- 
cycle of Fig. 21 . 

Referring first to Figs 1 through 6, there is 
illustrated a first embodiment of the device of 
the invention. Reference numeral 1 designates 

20 a flexible tying member, which has an elon- 
gate configuration and carries connection 
plugs 5 and 5' rigidly fitted on its opposite 
ends 1a and lb. for respective engagement 
with sockets 21 and 21' of a main casing or 

25 fixture 20 appearing in Fig. 5. An optical fiber 
2 extends through the flexible tying member 
1 along its axis, which fiber has its outer 
peripheral surface coated with a synthetic re- 
sin, such as a vinyl resin, not shown. The 

30 flexible tying member 1 comprises a wire 

cable 3 formed of a plurality, of stranded wires 
longitudinally extending over and closely heli- 
cally wound around the coated outer peri- 
pheral surface of the optical fiber 2. The outer 

35 peripheral surface of the wire layer is also 
coated with a synthetic resin 4, such as a 
vinyl resin. 

The plug 5, which is preferably formed of a 
hard metal material, has a generally cylindrical 
40 configuration and has its outer peripheral sur- 
face formed with a radial flange 5a"and an 
annular groove 5b. An 0-ring 7 is fitted in the 
annular groove 5b for waterproofing and dust- 
proofing purposes. The outer peripheral sur- 

45 face of the plug 5 is further formed with an 
engaging recess 5c and a key way 5d axially 
extending from an open end 5f and terminat- 
ing in an intermediate portion of the plug. The 
plug 5 has another or opposite open end 5e 

50 in which an end portion 3a of the wire cable 
3 is rigidly fitted and firmly secured thereto by 
means of caulking of the same end 5e. An 
opening 5g inwardly extends in the plug 5 
from the open end 5f, in which a cylindrical 

55 support member 8 is accommodated. The 
support member 8 has an open end 8a in 
which an end of the optical fiber 2 is fitted, 
and another open end 8b in which a photo- 
electric element, e.g. a light emission diode 9 

60 is fitted, as a light emission element. The light 
emission diode 9 has a light emission end 
face 9a disposed opposite an end face 2a' of 
the optical fiber 2 and spaced therefrom at a 
predetermined distance and aligned therewith. 

65 The end face 2a' of the optical fiber 2 and the 



light emission end face 9a of the light emis- 
sion diode 9 are held in place by means of 
the support member 8. 

A connector 10 is fitted in the open end 5f 
70 of the plug 5. with its corresponding terminals 
10a and lOc connected, respectively, to con- 
necting terminals 9b and 9c of the light 
emission diode 9. A filler 1 1. such as a 
synthetic resin, is filled in the spatial portions 
75 of the plug 5 to hold the support member 8 
and the connector 10 in place. 

The plug 5' has a similar configuration to 
the plug 5. It open end 5e' carries an end 
portion 3b of the wire cable 3 rigidly fitted 
80 and firmly secured therein by means of caulk- 
ing of the same end portion 3b. while its 
other or opposite end 5f' carries a connector 
10' fitted therein. A support member 8'. 
which is disposed in an opening 5g' of the 
85 plug 5'. has an open end 8a' in which an end 
portion 2b of the optical fiber 2 is fitted, and 
another or opposite open end 8b' jn which a 
light receiving element 1 5. such as a photo- 
transistor, is fitted, with the light receiving 
90 end face 1 5a of the element 1 5 and the end 
face 2b of the optical fiber 2 disposed oppo- 
site each other in aligned relation and spaced 
at a predetermined distance. The light receiv- 
ing element 1 5 has its connecting terminals 
95 1 5b and 1 5c connected, respectively, to con- 
necting terminals 10a' and 10c' of the con- 
nector 10'. The support member 8' and the 
connector 10' are held in place within the 
plug 5' by means of a filler 1 1 , such as a 
100 synthetic resin, filled in the latter, in a manner 
similar to the plug 5. The accommodation of 
the light emission element and the light re- 
ceiving element in the plugs 5 and 5' can 
provide complete protection of these ele- 
105 ments, without using any special housing 
member. Further, the flexible tying member- 
plug unit can be compact in size, light in 
weight, and easy to assemble. 

As shown in Fig. 5. the main casing 20 has 
110 a body 20a provided with sockets 21 and 
21'. a lock 25 for locking engagement of the 
plugs 5. 5' with the sockets 21. 21', a power 
source casing 30. an electrical circuit 33, a 
warning device 34. etc. The socket 21. which 
1 1 5 is mounted in the front surface of the casing 
body 20a. has a generally cylindrical configu- 
ration and an opening having such an axial 
size as permits inserting therein the plug 5 
until its radial flange 5a comes into contact 
1 20 with the front end edge of the socket 21 . A 
connector 22 is mounted at the bottom of the 
socket 21 for engagement with the connector 
10 of the plug 5. and an axial ridge 21c is 
formed on the inner surface of the peripheral 
125 wall 21a of the socket 21 at a predetermined 
location, for engagement with the key way 5d 
of the plug 5. The inner surface of the peri- 
pheral wall 21a of the socket 21 is formed 
therein with a hole 21b, shown in Fig. 6 at a 
1 30 location which positionally corresponds to the 
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engaging recess 5c of the plug when the 
latter is inserted in the socket 21. Slidably 
fitted in the hole 21b is an engaging pin 23. 
which has an end 23a located in the connec- 
5 tor-inserting opening of the socket 21, and 
has another or opposite end 23b spaced from 
an associated inner wall of the casing body 
20d. between which is interposed a spring 
26. The pin 23 has its substantially central 
10 portion formed therein with a hole 23c in 
which an actuator element 25b of the lock 25 
is fitted. The lock 25 has a rotary element 
25c, on which the actuator element 25b is 
eccentrically mounted* whereby rotation of 
15 key 27jnserted in a key hole 25a formed in 
the front end face of the rotary element 25c 
causes corresponding rotation of the rotary 
element 25c so that the actuator element 25b 
is displaced in unison with the rotation of the 
20 element 25c to move the pin 23 relative to 
the socket 2 1 . When the device of the inven- 
tion is in used, the pin 23 is biased to a 
leftward position as shown in fig. 6, by the 
urging force of the spring 26, with its tip 23a 
25 projected into the connector-inserting opening 
of the socket 21 . As the rotary element 25c is 
counterclockwise rotated toward its off posi- 
tion as shown in Fig. 5 against the force of 
the spring 26, through manual rotation of the 
30 key 27 inserted in the key hole 27a, the pin 
23 is rightwardly moved until its tip 23a 
recedes into the hole 21b of the socket 21. 

The socket 21 ' has a similar configuration 
and arrangement to the socket 21 . That is, a 
35 connector 22' is mounted at the bottom of 
the connector-inserting opening of the socket 
21' for engagement with the connector 10' of 
the plug 5', and an engaging pin 23', similar 
to the aforementioned pin 23, is fitted in a 
40 hole, not shown, formed in the4)eripheral wall 
of the socket 21'. This pin 23' is drivingly 
engaged with the above-mentioned pin 23. 
for movement in unison therewith as the key 
27 is operated. 
45 The power source casing 30 is dismounta- 
bly mounted in an internal space 20a' formed 
in the front surface of a lower portion of the 
casing body 20a. for accommodating a power 
source 31, such as a battery. An engaging 
50 means 24. shown in Fig. 5, is arranged 

between the power source casing 30 and the 
socket 2 1 for retaining the power source 
casing 30 in the casing body 20a in coopera- 
tion with the plug 5'. This engaging means 
55 24 remains inoperative when the plug 5' is 
not inserted into the socket 21', as in the 
illustrated position, whereby it permits free 
removal of the power source casing 30 from 
the casing body 20'. When the plug 5' is 
60 inserted into the socket 21', an engaging pin. 
not shown, provided on the engaging means 
24 is displaced by the outer periphery of the 
plug 5' into a recess, not shown, formed in 
the surface of the power source casing 30 to 
65 unremovab!y lock the casing 30 in the casing 
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body 20a. 

As shown in Fig. 7, the electrical circuit 33 
comprises a generator circuit 33a, a receiver 
circuit 33b, a fiber-cutting detecting circuit 
70 33c and a driving circuit 33d. The generator 
circuit 33a can be formed of a pulse genera- 
tor, which is adapted to generate an electric 
pulse signal Pa having a predetermined con- 
stant pulse repetition period. The light emis- 
75 sion element or diode 9,' which is adapted to 
convert an electric signal into a corresponding 
photo signal, is operable in response to the 
pulse signal Pa to generate a corresponding 
photo pulse signal Ph. This photo pulse signal 
80 Ph is transmitted through the optical fiber 2. 
The light receiving element or phototransistor 
1 5, which is adapted to convert a photo 
signal into a corresponding electric signal, is 
operable in response to the photo pulse signal 
85 Ph inputted thereto through the optical fiber 2 
to generate a corresponding electric signal Pb. 
The receiver circuit 33b is arranged to receive 
and detect the signal Pb supplied thereto from 
the light receiving element 15 to generate a 
90 corresponding electric signal Pc. The fiber- 
cutting detecting circuit 33c is arranged to be 
supplied with the pulse signals Pa and Pc, 
respectively, from the generator circuit 33a 
and the receiver circuit 33b for detection of 
95 disconnection or cutting of the optical fiber 2, 
depending upon the input signals. For in- 
stance, it can be adapted to determine fulfill- 
ment of an AND condition between the levels 
of the signals Pa and Pc to generate an 
100 abnormality-indicative signal Pd when it deter- 
mines that the AND condition is not fulfilled. 
The fiber-cutting detecting circuit 33c is also 
arranged to detect the connections between 
the connectors 10. 10' of the plugs 5. 5' and 
105 the connectors 22. 22' of the sockets 21, 21' 
to turn the power source 31 on when it 
detects that the connections are all estab- 
lished, that is. the plugs 5 and 5' are both 
mounted in their respective sockets 21 and 
110 21', and to turn the power source 31 off 
when either one of the connections is not 
established, that is, either one of the plugs 5 
and 5' is not engaged in its correspondmg 
socket 21 or 21'. The driving circuit 33d, 
115 which is adapted and arranged to actuate the 
warning device 34, is responsive to the input 
signal Pd to generate a driving signn! Ps. The 
warning device, which can be formeu of a 
buzzer, is responsive to the input driving 
120 signal Ps to give an alarm. The main casing 
20 constructed above can be fixedly mounted 
on a motorcycle or the like at a predetermined 
location. 

Fig. 8 illustrates details of the electrical 
125 circuit 33 in Fig. 7. The generator circuit 33a 
comprises an oscillator OSC formed substan- 
tially of inverters IN1-IN3 serially connected 
to each other. The inverter IN 3 has its output 
terminal connected to an input terminal of a 
130 NOR circuit NORl forming a monostable mul- 
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tivibrator MM directly, and also to the input 
terminal of the invener INI by way of resis- 
tances R1 and R2. A capacitor CI is con- 
nected between the output terminal of the 
5 inverter IN2 and the junction of the resistance 
R1 with the resistance R2. The NOR circuit 
NORl of the monostable multivibrator MM 
has Its output terminal connected to an input 
terminal of another NOR circuit N0R2 by way 
10 of a capacitor C2 and a resistance R3. The 
NOR circuit N0R2 has its other input terminal 
grounded. The NOR circuit N0R2 has its 
output terminal connected to the base of an 
NPN transistor Trl by way of a resistance R5, 
1 5 and also to the other input terminal of the 
NOR circuit NOR 1 as well as an input termi- 
nal of an exclusive NOR circuit EX NOR of the 
fiber-cutting detecting circuit 33c. The transis- 
tor Trl has its emitter grounded by way of the 
20 light emission diode 9 and its collector con- 
nected to a feeder line I by way of a resis- 
tance R6. The junction of the capacitor C2 
with the resistance R3 is connected to the 
feeder line I through a resistance R4. 
25 The receiver circuit 33b has a transistor Tr2 
which has its collector connected to the feeder 
line I by way of a resistance R7, and its 
emitter grounded. Connected, respectively, to 
the junction of the collector of the transistor 
30 Tr2 with the resistance R7 and the base of 
the transistor Tr2 are the collector and emitter 
of the phototransistor forming the light receiv- 
ing element 1 5. 
The exclusive NOR circuit EX NOR of the 
35 fiber-cutting detecting circuit 33c has its other 
input terminal connected to the junction of 
the collector of the transistor Tr2 with The 
resistance Tr2 with the resistance R7, and its 
output terminal^connected to the set pulse 
40 input terminal S of a NAND circuit NAND1 of 
a latch or flip flop circuit FF. by way^of 
resistances R8 and R9. A capacitor C3 is 
connected between the junction of the resis- 
tance R8 with the resistance R9 and the 
45 ground. The NAND circuit NAND1 has its 
output terminal Q connected to an input ter- 
minal of another Nand circuit NAND2 which 
in turn has its output terminal connected to 
the other input terminal of the NAND circuit 
50 NAND1. The NAND circuit NAND2 has a 

reset pulse input terminal R grounded through 
a capacitor C4. A resistance RIO and a diode 
p are connected in parallel between the junc- 
tion of the above input terminal R of the 
55 NAND circuit NAND2 with the capacitor C4 
and the feeder line I. 

The output terminal Q of the NAND circuit 
NAND1 is connected to the base of a transis- 
tor Tr3 of the driving circuit 33d by way of a 
60 resistance R1 1. and the transistor Tr3 has its 
collector connected to the feeder line I by way 
of the warning device 34. and its emitter 
grounded. 

To use the antitheft device described above, 
65 first, the flexible tying member 1 is wound 



around a solid structure, such as an electric 
pole, not shown, and then the plugs 5 and 5' 
at the opposite ends of the tying member 1 
are inserted into their respective sockets 2 1 
70 and 21' to engage their connectors 10 and 
10' with their respective connectors 22 and 
22'. In inserting the plugs 5 and C' nto the 
sockets 21 and 21', the pins 23 c.^.. 23' are 
forced into the peripheral walls of tlir sockets 
75 by the outer peripheries of the pluci. When 
the plugs 5 and 5' are fully inserted into the 
sockets 21 and 21'. the pins 23 and 23' are 
projected by the force of the springs 26. etc. 
into engagement with the engaging recesses 
80 5c and 5c' of the plugs 5 and 5' to retain the 
plugs 5 and 5' in the sockets 21 and 21' of 
the casing body 20a. Thus, the flexible tying 
member 1 is looped to firmly tie the vehicle or 
the like to the solid structure. 
85 When the plugs 5 and 5' are thus fully 
mounted into the casing body 20a. the fiber- 
cutting detecting circuit 33c turns the power 
source 31 on. as previously noted, to render 
the electrical circuit 33 operative by its supply 
90 power. Then, the inverter IN3 of the oscillator 
OSC of the generator circuit 33a generates an 
electric pulse signal P with a pulse duty factor 
of about 50 percent, as shown in Fig. 9(a). 
The frequency of the pulse signal P is deter- 
95 mined by the time constant of the resistance 
R1 and the capacitor CI. The monostable 
multivibrator MM operates on the input pulse 
signal P to generate an electric pulse signal 
Pa as shown in Fig. 9(b). which has a nar- 
100 rower pulse width with a shoner on-state 

period and a longer off-state period. The pulse 
width or on-state period of the pulse signal Pa 
is determined by the time constant of the 
resistance R4 and the capacitor C2. The tran- 
105 sistor Trl is alternately turned on and off in 
response to the input pulse signal Pa to 
intermittently energize the light emission di- 
ode 9, with its lighting period equal to the 
pulse width or on-state period of the pulse 
110 signal Pa. The pulse width of the pulse signal 
Pa is set at a suitable value in view of the 
operating characteristics and power consump- 
tion of the light emission element 9 and the 
light receiving element 1 5. etc. The light 
1 1 5 emission diode 9 generates a photo pulse 
signal Ph having a pulse width corresponding 
to the pulse width of the pulse signal Pa. 
which is transmitted through the optical fiber 
2 in the flexible tying member 1 . 
1 20 After passing through the optical fiber 2, 
the photo pulse signal Ph is converted into an 
electric pulse signal having a pulse width 
corresponding to the pulse width of the photo 
pulse signal Ph. by means of the light receiv- 
i-^b ing element or phototransistor Tr2. and then 
applied to the transistor Tr2. The transistor 
Tr2 in turn generates a pulse signal Pc having 
8 pulse width corresponding to the input 
i-jn exclusive NOR circuit EX 

1 JO NOR compares the pulse signals Pa and Pc to 
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determine if they are coincident with each 
other. That is. when the two input signals Pa 
and Pc are both at a high level or at a low 
level, that is, when there is no disconnection 
5 or cutting in the optical fiber 2, it outputs a 
signal having a high level. The exclusive NOR 
circuit EX NOR outputs a signal having a low 
level when only one of the input pulse signals 
Pa and Pc is at a low level, that is, when 
10 there occurs a disconnection or cutting in the 
optical fiber 2. 

The flip flop circuit FF is adapted to gener- 
ate an output having a low level when its 
output set pulse has a high level. This low 
1 5 level output keeps the transistor Tr3 deener- 
gized to keep the warning device 34 inopera- 
tive. That is, since there is no disconnection 
or cutting in the optical fiber 2, the warning 
device 34 remains inoperative. When the 
20 power source is set on, a reset pulse is 
applied to the NAND circuit NAND2 with a 
time delay corresponding to the time constant 
of the resistance RIO and the capacitor C4 to 
keep the output of the NAND circuit NAND1 
25 at a low level, to thereby hold the warning 
device 34 inoperative. Since there can occur a 
time delay td between the pulse signal Pa and 
the pulse signal Pc, which are inputted to the 
exclusive NOR circuit EX NOR, so that the 
30 same circuit can generate a pulse signal hav- 
ing a pulse width corresponding to the above 
time delay td, a smoothing circuit is formed 
by the resistance R8 and the capacitor C3 for 
prevention of such phenomenon. 
35 When the flexible tying member 1 is cut to 
cause simultaneous cutting of the optical fiber 
2. the transistor Tr2 of the receiver circuit 
30b is turned off to interrupt the generation 
of the output pulse signal Pc. As a conse- 
40 quence. the output level of the exclusive NOR 
circuit NOR goes low to render the output 
level of the NAND circuit NAND1 high, which 
turns the transistor Tr3 on to render the 
warning device 34 operative to warn the 
45 driver or someone else of the theft. 

The above described arrangement of utiliz- 
ing a photo signal in the form of photo pulses 
having a constant pulse repetition period 
which is generated by the light emission ele^ 
50 ment. transmitted through the optical fiber 
and received by the light receiving element 
contributes to a large reduction in the power 
consumption and ensures long term stable 
operation of the device. 
55 To remove the flexible tying member 1 from 
the casing body 20a, the key 27 is inserted 
into the key hole 25a of the lock 25. shown 
in Fig. 6. mounted in the casing body 20a to 
rotate the lock 27 to its off position (Fig. 5). 
60 At this off position, the engaging pins 23 and 
23' become disengaged from their respective 
engaging recesses 5c and 5c' and recede into 
the peripheral walls of the sockets 21 and 21' 
to permit disengaging the plugs 5 and 5' 
'55 from their respective sockets 21 and 21'. 



Then, the flexible tying member 1 can be 
removed from the casing body 20a. On this 
occasion, the power source 31 automatically 
turns off to keep the warning device 34 
70 inoperative, as previously noted. Thus, the 
vehicle or the like can be protected from theft. 

Figs. 10 through 14 illustrate a second 
embodiment of the flexible tying member 1 . 
The flexible tying member 1 carries a plug 5 
75 secured on the end la in a manner similar to 
the previous embodiment. A portion of the 
tying member 1 including the other end lb is 
formed as a loop Ic. wherein the end lb is 
located within a caulking metal holder 40 and 
80 firmly joined with another end of the loop 
1c located within the same holder 40, by 
caulking the latter. The flexible tying member 
1 is formed by a wire cable 3, as shown in 
Fig. 1 1, which is similar to the one employed 
85 in the previous embodiment, but it contains 
two electric wires 41 and 42 extending paral- 
lel with the optical fiber 2 along the axis of 
the wire cable 3. The electric wires 41 and 42 
have their one ends connected, respectively, 
90 to the connecting teminal 10b and earthing 
terminal 10c of the connector 10, and their 
other ends to the output terminal 1 5b and 
earthing terminal 1 5c of the light receiving 
element 15, as shown in Fig. 12. In Fig. 8 
95 transistor TR2 could be combined with light 
receiving element 1 5 as a Darlington photo- 
transistor. The wire cable 3 has an end 3b 
secured to a cylindrical capsule 43 having one 
end closed and the other end opened, by 
100 means of caulking of the holder 40. A support 
member 8' is protectedly disposed within the 
capsule 43, and suppons an end 2b of the 
optical fiber 2 and the light receiving element 
15 arranged therein in alignment with each 
105 other. A filler 1 1, similar to the one in the 
previous embodiment, is filled in the capsule 
43 to firmly retain the support member 8' in 
place. The capsule 43 is formed of a hard 
metal material similar to that of the plug 5. 
110 The capsule 43 is mounted within the metal 
holder 40. To assemble the looped portion of 
the flexible tying member 1, the end 3b of 
the wire cable 3 carrying the capsule 43 is 
passed through a through hole 40a formed in 
1 1 5 the metal holder 40 to form the small loop 1c 
as seen in Fig. 10. and then fitted into a blind 
hole 40b formed in the metal holder 40 and 
extending parallel with the through hole 40a 
^^rx ^'9 12. Then, the metal holder' 

120 40 IS caulked by applying pressure to its outer 
peripheral surface to firmly retain the capsule 
43 in the blind hole 40b. The capsule 43, 
which is made of a hard metal material, will 
not crush during the caulking operation to 
125 keep the support member 8'. the light receiv- 
ing element 1 5. etc. therein from damage. 

To couple the flexible tying member 1 of 
the second embodiment to the main casing 
20. the main casing 20 has only to be 
130 provided with a single socket 21 alone as 



6 



GB2109109A 



6 



shown in Fig. 13. The manner of coupling the 
present flexible tying member to the main 
casing 20 is similar to that previously de- 
scribed with reference to Figs. 5 and 6, 
5 description of which is. therefore, omitted 
here. Also, the other parts or elements of the 
present emdodiment are arranged and con- 
structed in a manner similar to the first em- 
bodiment previously described, description of 
10 which is also omitted here. Further, an electri- 
cal circuit similar to the one appearing in Figs. 
7 and 8 is applicable to the flexible tying 
member of the present embodiment, as well. 
... except that in the present embodiment, the 
\ 15 fiber-cutting detecting circuit 33c is adapted 
to detect the connection between the connec- 
tor 10 of the plug 5 and the connector 22 of 
the socket 21 of the casing body 20a. to turn 
the power source 31 on or off. depending 
20 upon the detected connection state. Further, 
the electrical circuit may be arranged to ren- 
der the warning device 34 operative even 
when there occurs disconnection or cutting of 
the electric wires 41 and 42. as well as in the 
25 event of disconnection or cutting of the opti- 
cal fiber 2. 

Although in the illustrated second embodi- 
ment, the light emission element is arranged 
in the plug and the light receiving element in 
30 the capsule 43. the light receiving element 
may be arranged in the plug, and the light 
emission element in the capsule. 

To tie a vehicle or the like to a pole, for 
instance, by means of the flexible tying mem- 
35 ber of the second embodiment, first, the flexi- 
ble tying member 1 is wound round the pole 
44. as shown in Fig. 14, and then the plug 5 
is passed through the small loop 1c, followed 
by fitting the plug 5 into the socket 21 of the 
40 main casing 20, 

According to the present embodiment, 
either the light emission element or the light 
receiving element, which is arranged within 
the capsule in the robust caulking metal hol- 
45 der. can be fully protected from external force 
applied to the metal holder. 

Referring next to Figs. 15 and 16. there is 
illustrated a third embodiment of the flexible 
tying member 1 . An optical fiber 2 is dis- 
50 posed in the flexible tying member 1 along its 
axis, which is folded at a substantially axially 
central portion 2c in halves extending parallel 
with each other. Both of the opposite ends 2a 
and 2b of the optical fiber 2 are located 
55 within a plug 5 which is secured to an end of 
the flexible tying member 1 . Also located 
within the plug 5 are two support members 8 
and 8'. The optical fiber 2 has its end end 2a 
o"^^ support member 

60 8 and its other end 2b in an open end of the 
other support member 8\ respectively. The 
other ends of the support members 8 and 8' 
receive a light emission element 9 and a light 
receiving element 15. respectively. Received 
65 m an open end 5f of the plug 5 is a connector 



10 which has its input terminals 10a and 10b 
connected, respectively, to the positive con- 
necting terminals 9b and 1 5b of the light 
emission element 9 and the light receiving 
70 element 15. The connector 10 also has its 
earthing terminal 10c connected to the nega- 
tive connecting terminals 9c and 1 5c of the 
two elements 9 and 15. 

A plug 5'. which is secured to the other 
75 end of the flexible tying member 1 and has an 
identical configuration with the plug 5, has an 
open end 5e' in which an end 3b of a wire 
cable 3 is fitted and secured thereto by caulk- 
ing the plug 5'. The plug 5' accommodates 
80 therein the folded central portion 2c of the 
optical fiber 2 located at the end 3b of the 
wire cable 3. The plug 5' has its spatial 
portions also fitted with a filler 1 1 to retam 
the folded central portion 2c in place for 
85 protection from damage. 

The other parts of the present embodiment 
are arranged in a substantially identical man- 
ner to the first embodiment, description of 
which is, therefore, omitted here. Although an 
90 electrical cicuit similar to the one shown in 
Figs. 7 and 8 may be applicable to the 
present embodiment, the fiber-cutting detect- 
ing circuit 33c according to the present em- 
bodiment should be adapted to detect the 
95 connection of the connector 10 of the plug 5 
with the connector 22 of the socket 21 of the 
casing body 20a to turn the power source 31 
on or off. depending upon the detected con- 
nection state. 
100 Fig. 1 7 illustrates a fourth embodiment of 
the flexible tying member 1. according to 
which a folded central portion 2c of an optica! 
fiber 2. similar to the one shown in Fig. 16, is 
accommodated in a caulking metal holder 40 
105 similar to the one shown in Fig. 12. The 

folded portion 2c of the optical fiber 2 at the 
end 3b of the wire cable 3 is located within a 
capsule 43 similar in construction and ma- 
terial to the one shown in Fig. 12. which is 
110 securedly caulked to the end 3b of the wire 
cable 3- A filler 1 1 is also filled in the spatial 
portions of the capsule 43. The manner of 
mounting the capsule 43 into the caulking 
metal holder 40 and the structure of the main 
1 1 5 casing 20a. to which the present tying mem- 
ber 1 IS to be coupled, can be identical with 
those according to the second embodiment 
previously described, description of which is 
therefore, omitted here. 
1 20 Figs. 1 8 and 1 9 illustrate a fifth embodi- 
ment of the flexible tying member 1 . While 
the flexible tying member 1 has its end la 
securedly fitted in the plug 5 in a manner 
similar to the preceding embodiments, the 
125 other end lb of the tying member 1 is 

permanently fixed to the casing body 20a of 
the mam casing 20. As best shown in Fig. 
19. the other end lb of the tying member 1 
i on a ^^older 12 which is fixed to the 

130 casing body 20^. The holder 12 has a gener- 
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ally cylindrical configuration and has its sub- 
stantially central peripheral portion formed in. 
tegrally with a radial flange 12a. The holder 
12 has an axial through hole 12b in which 
5 the end 3b of the wire cable 3 of the flexible 
tying member 1 is fitted and rigidly secured 
to the holder 12 by caulking the latter. The 
holder 1 2 has a narrowed end portion 1 2d 
extending horn an open end 1 2c, and a 
10 threaded portion 12c extending from the nar- 
rowed end portion 1 2d toward the radial 
flange 1 2a. On the other hand, the casing 
body 203 has its front wall formed, at a 
predetermined location, with an opening 
1 5 formed by a first or outer portion 20b having 
a larger diameter and a second or inner por- 
tion 20c having a smaller diameter, through 
which opening the holder 12 is inserted into 
the casing body 20a from outside. When fully 
20 fitted into the casing body 20a, the holder 12 
has its flange 1 2a disposed in contact with an 
end face of the first portion 20b of the casing 
body 20a. and its threaded portion 12e pro- 
jected into the interior of the casing body 
25 20a. The holder 12 is firmly fixed to the 
casing body 20a by means of a nut 13 
threadedly fitted on the threaded portion 12e 

A cylindrical casing 16 is rigidly fitted, at 
an end, on the narrowed end portion 12d of 
30 the holder 12, and accommodates a support 
member 14. which is similar in construction 
to the support member 8. The support mem- 
ber 14 has an open end in which an end 2b 
of the optical fiber 2 is received and another 
35 or opposite end in which a light receiving 
element 1 5 is received. The end face 2b' of 
the end 2b of the optical fiber 2 is disposed 
opposite the light receiving end face 15a of 
the light receiving element 15 and spaced 
40 therefrom at a predetermined distance and 
aligned therewith. The other end of the casino 
1 6 receives a connector 1 7 fitted therein 
which has Its connecting terminals 1 7a and 
17b connected, respectively, to the connect- 
45 ing terminals 1 5b and 1 5c of the light receiv- 
ing element 15, as well as to associated 
connecting terminals of an electrical circuit 
not shown, which can be similar in construc- 
one shown in Fig. 7, by means of 
50 electric wires 18a and 18b. The electrical 
circuit IS also mounted within the casing body 
20a. A filler 1 1 is filled in the casing 16 to 
n ram the support member 14 in place for 
P':::-c?ion of the end 2b of the optical fiber 2 
55 ano the light receiving element 15 from dam- 
age. 

On the other hand, the configuration and 
interior construction of the plug 5 secured to 
the end la of the flexible tying member 1 are 

60 similar to those of the one shown in Fig. 2, 
description and illustration of which are. there- 
fore, omitted here. The casing body 20a of 
the main casing 20, to which the present 
fl hie tying member 1 is to be coupled, has 

«>b a ..ont surface arrangement as shown in Fig. 



20, which is substantially identical with that 
of the casing body shown in Fig. 13, except 
that the casing body 20a is also formed with 
the opening 20b through which the holder 12 
70 IS mounted into the casing 20. 

The antitheft device according to any of the 
aforedescribed embodiments is adapted to de- 
tect cutting of the flexible tying member, by 
utilizing light transmission through the optical 
75 fiber, which makes it very difficult to form a 
short circuit for transmission of light and is, 
therefore, capable of positively detecting cut- 
ting of the tying member without fail. Further 
the electrical connection of the tying member' 
80 with the main casing facilitates the operation 
of coupling the tying member to the main 
casing, and can ensure normal operation even 
with dirt or stains deposited on the connecting 
portions of the tying member and the main 
85 casing, which would adversely affect any opti- 
cal connection. 

Although, in all stated embodiments, the 
flexible tying member comprises a wire cable, 
the wire cable is not limitative, but a flexible 
90 bellows-type tubular member formed of a hard 
metal material may also be used for the tying 
member, for instance. 

The antitheft device according to the inven- 
tion is used to connnect an object to be 
95 protected from theft, such as a motorcycle, to 
a structure such as an electric pole, as previ- 
ously described with reference to Fig. 14. The 
main casing 20 is fixed to the object in a 
manner such that it cannot be easily removed. 
100 For complete prevention of theh, the main 
casing 20 needs to be mounted on the object 
at a portion having sufficient structural 
strength. 

An example of mounting the antitheft de- 
105 vice according to the invention onto a motor- 
cycle will now be described with reference to 
Figs. 21 through 23. According to the present 
example, as shown in Fig. 21. the main 
casing 20 is mounted in a lower space in a 
110 central framework 45 of the frame body of 
the motorcycle, on which is mounted a side 
cover 46 accommodating a battery, not 
shown. As shown in detail in Figs 22 and 
1 1 R lll^ 'l^,'^o^ tube 45a and a rear stay 
115 45b, which form front and rear tubular mem- 
bers, are joined together in an intersecting 
manner by means of a gusset plate 47 to 
form a lower portion of the central framework 
1 on A support plate 48 is substantially hori- 
120 zontally interposed between the rear down 

tube 45a and the rear stay 45b, with its front " 
and rear end edges folded and unremovably 

t^r. AT' ^Trs ""PP^^ '^^"^e '"em. 

^yc, t« t ^''''"^^ ba^s welded 

^i.T^'^T^^'^ "^^^ ^5b. The support 
plate 48 has its upper surface formed therein 
with recesses 51 and 52 at suitable locations, 
which recesses have their bottoms formed 
1 -^f^ 1^,5'^*" W't^ mounting through holes 51a and 
i^U 52a. The support plate 48 has an inner side 
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wall 48n * o tically extending from the upper 
surface at r.ght angles thereto, which wall has 
bolt-fitting holes 53 and 53 formed therein at 
suitable locations. The casing body 20a of the 
5 mam casing 20 has its upper surface and side 
surface formed with holes 55. 56, 60 and 61 
at locations corresponding, respectively, to the 
above holes 51a, 52a. 53 and 54. 

In mounting the main casing 20 onto the 
10 central framework 45 at its lower portion, the 
main casing 20 is inserted laterally of the 
frame body, into a substantially triangular 
space 57 defined between the members 45a, 
45b. 48 and 47 at the lower portion of the 
15 central framework 45, to bring the upper 
f surface of Jhe main casing 20 under the 

support plate 48. Then, bolts 58 and 59 are 
screwed into the holes 60 and 61 in the main 
casing 20 through the corresponding holes 
20 53 and 54 in the inner side wall 48a of the 
support plate 48. to provisionally retain the 
main casing 20 under the support plate 48. 
Bolts 62 and 63 are then screwed into the 
holes 55 and 56 in the main casing 20 from 
25 the upper side of the latter, through the 

corresponding holes 51a and 52a in the sup- 
port plate 48. to thus firmly retain the main 
casing 20 under the support plate 48. After 
the main casing 20 has thus been supported 
30 by on the support plate 48, the bolts 62 and 
63 have their heads embedded in the re- 
cesses 51 and 52 in the upper surface of the 
support plate 48. Further, a battery or like 
parts are supportedly arranged immediately on 
35 or at a slight distance from the upper surface 
of the support plate 48. These two structural 
features make it impossible to engage a 
screwdriver or a wrench with the bolts 62 and 
63 to loose them for removal of the main 
40 casing 20 from the motorcycle. 

Further, by virtue of the arrangenaent that 
the main casing 20 is arranged in the lower 
portion of the central framework 45, which 
forms a dead space in the body of the motor- 
45 cycle, there is no need for creating a special 
space for accommodation of the main casing 
20. Further, since the main casing 20 is 
mounted in the frame body of the motorcycle, 
which frame body alone cannot be removed 
50 from the motorcycle with ease, there is no 
fear that the main casing is removed and 
stolen together with its peripheral motorcycle 
parts. 

While the invention has been described in 
55 its preferred embodiments, obviously modifi- 
cations and variations will occur to those 
skilled in the art within the scope of the 
present inventive concepts which are delin- 
eated by the following claims 
60 . 

CLAIfVIS 

1 . An antitheft device comprising: an elon- 
gate flexible tying member; an optical fiber 
longitudinally extending through said flexible 
65 tying member; a light emission element ar- 



ranged opposite one end of said optical fiber, 
for converting an electric signal supplied ther- 
eto into a corresponding photo signal; a light 
receiving element arranged opposite another 
70 end of said optical fiber, for converting a 
photo signal supplied thereto into a corre- 
sponding electric signal; a fixture fixed to an 
object which is to be protected from theft; 
means for mechanically connecting at least 
75 one end of said flexible tying member to said 
fixture; an electrical circuit arranged in said 
fixture for supplying an electric signal to said 
light emission element and also disposed to 
be supplied with an electric signal generated 
80 by said light receiving element; and means for 
electrically connecting said light emission ele- 
ment and said light receiving element to said 
electrical circuit; whereby said electrical circuit 
is operable in response to a change in the 
85 electric signal supplied thereto from said light 
receiving element, which corresponds to a 
change in the photo signal generated by said 
light emission element and transmitted 
through said optical fiber, to perform a predet- 
90 ermined warning function. 

2. An antitheft device as claimed in Claim 
1, wherein said mechanically connecting 
means comprises a plug secured to said at 
least one end of said flexible tying member; a 

95 socket mounted in said fixture for disengagea- 
ble engagement with said plug: and a lock 
mounted in said fixture for locking said plug 
to said fixture. 

3. An antitheft device as claimed in Claim 
100 2. wherein at least one of said light emission 

element and said light receiving element is 
mounted within said plug. 

4. An antitheft device as claimed in Claim 
1. wherein said electrically connecting means 

105 comprises a first connector electrically con- 
nected to at least one of said light emission 
element and said light receiving element, and 
a second connector mounted in said fixture 
for disengageable engagement with said first 
110 connector. 

5. An antitheft device as claimed in Claim 
1. wherein said mechanically connecting 
means comprises a plug secured to one end 
of said flexible tying member corresponding to 

1 1 5 said at least one of said light emission ele- 
ment and said light receiving element, and a 
socket mounted in said fixture for disengagea- 
ble engagement with said plug, said first 
on b^*"9 arranged within said plug 

1 20 and said second connector within said socket 
respectively. 

6. An antitheft device as claimed in any 
preceding claim wherein said optical fiber has 
one end located at one end of said flexible 

125 tying member and another end at another end 
of said flexible tying member, and said me- 
chanically connecting means is adapted to 
disconnectably connect both of said one end 
and said other end of said flexible tyinq 
1 30 member to said fixture 



7. An amitheft device as claimed in any of 
. claims 1 to 5 wherein said optical fiber has a 

substantially axially central portion thereof 
folded into halves extending parallel with each 
5 other, and has opposite ends located at one 
end of said flexible tying member and said 
folded substantially axially central portion at 
another end of said flexible tying member, 
and said mechanically connecting means is 
1 0 adapted to disconnectably connect both of 
said one end and said other end of said 
flexible tying member to said fixture. 

8. An antitheft device as claimed in Claim 
6 or Claim 7, wherein said mechanically con- 

1 5 necting means comprises a first plug secured 
to said one end of said flexible tying member, 
a second plug secured to said other end of 
said flexible tying member, a first socket 
mounted in said fixture for disengageable en- 
20 gagement with said first plug, a second socket 
mounted in said fixture for disengageable di- 
sengagement with said second plug, and a 
lock mounted in said fixture for locking said 
first and second plugs to said fixture. 
25 9. An antitheft device as claimed in Claim 
1, wherein one of said light emission element 
and said light receiving element is located 
within said fixture and the other located at 
one end of said flexible tying member oppo- 
30 site one end of said optical fiber and said 
mechanically connecting means. is adapted to 
disconnectably connect said one end of said 
flexible tying member to said fixture, and to 
permanently connect the other end of said 
35 flexible tying member to said fixture, said one 
of said light emission element and said light 
receiving element being disposed opposite the 
other end of said optical fiber at said other 
end of said flexible tying member. 
40 10. An antitheft device as-claimed in 
Claim 9. wherein said mechanically connect- 
ing means comprises a plug secured to said 
one end of said flexible tying member, a 
socket mounted in said fixture for disengagea- 
45 ble engagement with said plug, and a holder 
secured to said other end of said flexible tying 
member and secured to said fixture, and said 
optical fiber extends through said holder into 
said fixture and has said other end thereof 
50 disposed opposite said one of said light emis- 
sion element and said light receiving element. 

11. An antitheft device as claimed in 
Claim 1, further comprising a caulking mem- 
ber, and wherein said optical fiber has one 
55 end located at one end of said flexible tying 
member and another end at another end of 
said flexible tying member, and said mechani- 
cally connecting means is adapted to discon- 
nectably connect said one end of said flexible 
60 tying member to said fixture, said flexible 
tying member having a looped portion includ- 
ing said other end thereof, said caulking 
member being caulked to join said other end 
of said flexible tying member to said looped 
65 portion opposite to said other end of said 



flexible tying member, said caulking member 
accommodating one of said light emission 
element and said light receiving element. 
12. An antitheft device as claimed in 
70 Claim 1 1. further comprising a protective cap- 
sule accommodating said one of said light 
emission element and said light receiving ele- 
ment and located within said caulking mem- 
ber. 

75 13. An antitheft device as claimed in 
Claim 1, further comprising a caulking mem- 
ber, and wherein said optical fiber has a 
substantially axially central portion folded into 
two halves extending parallel with each other, 
80 and has opposite ends located at one end of 
said flexible tying member and said folded 
substantially axially central portion at another 
end of said flexible tying member, and said 
mechanically connecting means is adapted to 
85 disconnectably connect said one end of said 
flexible tying member to said fixture, said 
flexible tying member having a looped portion 
including said other end thereof, said caulking 
member being caulked to join said other end 
90 of said flexible tying member to said looped 
portion opposite said other end of said flexible 
tying member, said caulking member accom- 
modating said substantially axially central por- 
tion of said optical fiber. 
95 14. An antitheft device as claimed in 

Claim 1 3, further comprising a protective cap- 
sule accommodating said substantially axially 
central portion of said optical fiber and located 
within said caulking member. 
100 15. An antitheft device as claimed in any 
of the preceding claims, wherein said electri- 
cal circuit comprises: generator means for 
supplying a first electric pulse signal having a 
predetermined pulse repetition period to said 
105 light emission element, whereby said light 
emission element converts said first electric 
pulse signal into a corresponding photo pulse 
signal and supplies said photo pulse signal to 
said light receiving element through said opti- 
1 1 0 cal fiber; receiver means arranged to be sup- 
plied with a second electric pulse signal corre- 
sponding to said photo pulse signal and gen- 
erated by said light receiving element; com- 
parator means arranged to be supplied with 
1 1 5 said first and second electric pulse signals for 
comparison thereof, and adapted to generate 
a predetermined signal when said first and 
second electric pulse signals are not coinci- 
dent with each other; and warning means 
120 responsive to said predetermined signal gener- 
ated by said comparator means to perform the . 
predetermined warning function. 

16. A motorcyle including a frame body 
having a central frame portion formed by front 
125 and rear tubular members joined together in 
an intersecting manner, said motorcycle being 
equipped with an antitheft device comprising: 
an elongate flexible tying member; an optical 
fiber longitudinally extending through said 
1 30 flexible tying member; a light emission ele- 



mont arranged opposite one end of said opti- 
cal fiber, for converting an electric signal 
supplied thereto into a corresponding photo 
signni: a light receiving clement arranged op- 
5 positc another end of said optical fiber, for 
converting a photo signal supplied thereto 
into n corresponding electric signal; a fixture 
secured in a space defined between said front 
and rear tubular members of said central 
10 frame portion of said frame body: means for 
mechanically connecting at least one end of 

» said flexible tying member to said fixture: an 
electrical circuit arranged in said fixture for 
supplying an electric signal to said light emis- 

. 1 5 sion element and also disposed to be supplied 
with an elettric signal generated by said light 
receiving element: and means for electrically 
connecting said light emission element and 
said light receiving element to said electrical 

20 circuit: wherein upon occurrence of a change 
in the photo signal generated by said light 
emission element and transmitted through 
said optical fiber, said electrical circuit is oper- 
able in msponse to the corresponding change 

,?5 in the electric signal supplied thereto from 
satd lipht receiving element to perform a pre- 
detet mined warning function. 

1 7 A motorcycle as claimed in Claim 16. 
comprising a support plate member substan- 
tially horizontally interposed between said 
front and rear tubular members of said central 
frame portion of said frame body and secured 
thereto, and wherein said fixture of said anti- 
thelt device is supportedly disposed under 

35 said support plate member, and said support 
platt? member supportingly carries at least one 
component part of said motorcyle including a 
b?ttery arranged thereon. 

13. A motorcycle as claimed in Claim 1 7. 

40 comprising at least one threaded member 
screwed through said support plat^member 
from an upper side thereof to firmly retain 
said fixture of said antitheft device under said . 
support plate member. 

45 19. Antitheft devices substantially as here- 
inbefore described with reference to the ac- 
companying drawings. 

20. A motorcycle substantially as herein- 
before described with reference to the accom- 

50 panying drawings. 
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